Proper timing of germination is a critical step for the survival and propagation of seed plants. 54 Light is a major environmental factor regulating seed germination, providing information can be categorized based on their response to white light during germination (Takaki, 2001 ). light-inhibited seeds (negative photoblastic) have been described, for example 74 Phacelia tanacetifolia (Chen, 1970; Chen, 1968) or Citrullus lanatus, for which seed 75 germination is inhibited by the whole spectrum, including white, blue, red, and far-red light 76 (Botha and Small, 1988; Thanos et al., 1991) . The different photoblastic responses are likely 77 an adaptive trait to harsh or quickly changing habitats: species with light-inhibited seeds often 78 grow on sea coasts or in deserts where germination on the surface might be risky or 79 deleterious. Light-inhibited germination might be advantageous to avoid direct sunlight, so 80 that the germination occurs when the seeds are buried at various depths under shifting sand 81 dunes (Koller, 1956; Lai et al., 2016; Thanos et al., 1991) , although they are not strictly 82 correlated with specific habitats (Vandelook et al., 2018) . 83 In seeds of all photoblastic categories, light-regulated molecular changes during germination 84 are associated with light perception through phytochromes regulating hormonal levels (Casal light, therefore we categorized TUR seeds as neutral to light (Fig. 1D) .
196
Light-dependent germination often requires exposure to a specific part of the light spectrum.
197
Therefore, we tested if the inhibition of CYP seed germination depended on the wavelength. habitat (1600 µmol m -2 s -1 ), still ~40% of the CYP seeds germinated under short day (Fig. 2B ).
230
Gradual inhibition was also observed with hourly alternating light exposure ( Both criteria were fulfilled for 87 genes (Fig. 3C, D, Dataset S5, Fig. S1 ). Out of the 87 genes, 267 16 were upregulated and 66 were downregulated in the light-exposed CYP seeds (Fig. 3D) .
268 Surprisingly, with only 3 exceptions, the direction of light-regulated transcript level changes 269 was the same in both accessions, although the response was much more pronounced in CYP 270 compared to TUR (Fig. 3D, S1 ). For 85 out of 87 genes we could identify the Arabidopsis 271 orthologues (Dataset S5). Based on the TAIR10 database description, 10 of these genes are 272 linked to light stimuli and 11 to cell wall organization or biogenesis (Fig. 3E) . Additionally, 10 273 genes are involved in hormonal signaling or response (Fig. 3E) . Genes associated with ABA 274 biosynthesis or degradation were not present among these genes (Fig. 3E, Dataset S5) . 275 However, the most strongly upregulated transcript (>50-fold induction in CYP WL seeds) was 276 AA18G00108, encoding a gibberellin 2-oxidase. Phylogenetic analysis and synteny (Fig. S2) (Fig. 4A, B) . Expression of the Aethionema orthologues of ABA1, ABA2, and ABA3 
301
We found a reciprocal situation in Aethionema seeds: the expression of both AearGA3ox1 and
302
AearGA3ox2 was decreased (Fig. 4B) . In good association with the RNA-seq results, the 303 expression of AearGA2ox3 upon WL illumination was increased in both accessions (Fig. 4B) .
304
Remarkably, this activation of AearGA2ox3, as well as the repression of AearGA3ox1 were 305 considerably more pronounced in the light-inhibited CYP seeds compared to TUR seeds (Fig.   306   4B ). This validates the previous observation that the direction of light-regulated transcript 307 level changes concurs in both accessions but is much more pronounced in CYP seeds (Fig. 3D SOM, DAG2, JMJ20, and JMJ22 in light-exposed seeds compared to those in dark (Fig. 4C) . The 329 expression of DAG1 was decreased in both accessions in the light-exposed seeds, similar to its 330 response in Arabidopsis (Fig. 4C) . PHYTOCHROME RAPIDLY REGULATED 1 and 2 (PAR1 and 331 PAR2) were both downregulated in WL seeds (Fig. 3E, Dataset S5) responsive genes upregulated in CYP (Fig. 3E, AA6G00020) . qRT-PCR data confirmed that 346 DOG1 expression was significantly enhanced in both accessions in light-exposed seeds, but 347 the increase was more pronounced in the light-inhibited CYP seeds (Fig. 3D) darkness and in light-exposed TUR (Fig. 5A) . In contrast, and in good correlation with the light-366 induced repression of GA3ox1 gene expression (Fig. 4B) , we observed a significant decrease 367 of the bioactive GA4 in CYP seeds kept under light for 23 hours (Fig. 5A, S3 ). Moreover, the 368 level of GA9, the biosynthetic precursor of GA4, was also significantly higher in light-exposed 369 CYP seeds compared to TUR, indicating that the GA9 → GA4 conversion is less efficient in CYP 370 seeds under light (Fig. 5A) . According to the enhanced expression of the catabolic GA2ox3 in 371 CYP light-exposed seeds, we expected an increased level of the catabolic GA34 in CYP seeds.
372
Although we could not observe this tendency during the 23-hour period, it might be due to 373 the slower turnover of GA (Fig. 5A) . Absolute ABA levels were higher in CYP seeds under both 374 regimes, in agreement with the later onset of CYP germination in the dark compared to TUR, 375 and with significantly higher levels in light-exposed CYP seeds compared to TUR (Fig. 5B) . As 376 seed germination is determined by the balance of the two antagonizing hormones, we 377 calculated the molar ratio of GA and ABA. Interestingly, the GA:ABA ratio decreased in both 378 accessions under light (Fig. 5C ), but to a much larger extent in light-exposed CYP seeds, which CYP seed germination was completely rescued (Fig. 6B) season when the competition is reduced, as it was shown for Cirsium palustre (Pons, 1984 
Light-dependent versus light-inhibited germination control

459
The species for which light inhibition of seed germination was previously described (Botha and and JMJ20, indicating that the light response is partially conserved (Fig. 7) . In Arabidopsis, is rather uniform in Arabidopsis (Fig. 7) . A study based on chromatin immunoprecipitation in Arabidopsis, there are 5 phytochromes in Aethionema, which are highly conserved (Fig. S4A) .
506
The protein sequences of PHYB, PHYC, and PHYD are identical in both accessions, while the 507 PHYA and PHYE proteins harbor a few missense SNPs (Fig. S4B-F) . However, the second, light- for the different responses ( Fig. S4B-F) . Similarly, there are no SNPs in the PIL5/PIF1 coding 511 sequences that would cause non-synonymous amino acid changes and that diverge between 512 the light-neutral TUR and the two light-inhibited accessions (Fig. S5) This work is part of the ERA-CAPS "SeedAdapt" consortium project
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(https://www.seedadapt.eu/). We thank all members for fruitful cooperation and discussion. The following Supplementary Information is available for this article: 
